INTRODUCTION
Approximately 53.4 kg of massive sulfide, 11.3 kg of sulfide-bearing sediment and sediment breccia, and 2.8 kg of basalt with fracture-controlled sulfide were dredged in 1986 from Escanaba Trough, the sediment-covered southern end of Gorda Ridge (Figure 1 ). The dredge stations were conducted aboard the research vessel S.P. Lee during two cruises (L1-86-NC and L2-86-NC) of the United States Geological Survey. The geological and geophysical characteristics of two locations in Escanaba Trough were investigated: the southern or SESCA site at 40°45'N latitude, 127°30/W longitude, and the northern or NESCA site at 41°00/N latitude, 127°30/W longitude (Morton et al., 1987b) . This report presents descriptions of sulfide-bearing samples recovered on these cruises.
Previous work
The presence of hydrothermal deposits in the NESCA and SESCA areas was verified by an earlier seismic-reflection and photographic survey in Escanaba Trough (Morton et al., 1987b) . Volcanic edifices that are spaced at intervals of 15 to 20 km within the axial valley were also revealed and the 3-to 6-km-wide volcanic edifices were shown to extend upward from the volcanic basement and to locally breach and upraise the overlying sediment. Sediment in this area is composed of as much as 500 m of terrigenous material derived from the continental margin of North America (Vallier et al., 1973; Karlin and Lyle, 1986) .
Approximately 4.4 kg of massive sulfide were dredged from the SESCA site in 1985 (Morton et al., 1987a) . The preliminary results of 1986 bathymetric and photographic surveys, and gravity core and water column sampling in Escanaba Trough, are reported in Morton et al., 1987b . High heat flow and low-level seismicity have been recorded in the areas of Escanaba Trough where sulfide deposits have been located (Abbott et al., 1986; Bibee, 1986) ; however, no active hydrothermal venting has been observed.
Geologic setting
At the SESCA site, sulfide deposits are spatially related to three flat-topped hills, each approximately 100 m high and 1 km across, that rise above the axial valley floor (Figure 2a ). Echo sounding profiles indicate that these hills are uplifted steepsided blocks capped by sediment. Massive sulfide deposits, in the form of semicontinuous constructional mounds tens of meters in diameter and several meters in height, occur around the base of the sediment-capped hills ( Figure 3a ; Zierenberg et al., 1986) . The mounds are topped by a few eroded chimneys (Figure 3b) and are surrounded by aprons of sulfide talus. Small (<lm) conical chimneys and thin sheetlike sulfide deposits are distributed over the sediment surface between the hills.
The NESCA site is dominated by a steepsided, sediment-capped hill to the southwest and a broader, east-west-trending hill (Figure 2b ) where basalt lava flows are exposed (Morton et al., 1987b) . Massive sulfide deposits up to 30 m thick occur along the base of the southwest hill and on the stepfaulted sediment-covered northern flank of the volcanic hill (Zierenberg et al., 1986) . The sea floor north of the volcanic hill consists of a shallow north-trending depression that may represent a thinly sedimented lava lake. The topographically complex sediment-covered ridge which lies west of the depression contains channels and craters with associated sulfide mounds and small chimneys.
DESCRIPTION OF SULFIDE-BEARING SAMPLES
The locations and general descriptions of sulfide-bearing dredge samples are presented in Table  1 ; the tracks for dredge stations which recovered sulfide at the SESCA and NESCA sites are shown in Figures 2a and 2b . In addition, Figure 2a shows the locations of gravity core station 9G and camera station 9C, both of which recovered sulfide-bearing sediment at the SESCA site.
The distribution of massive sulfide deposits at the SESCA and NESCA sites indicates widespread discharge of hydrothermal fluid through the sediment blanket of Escanaba Trough. In addition, the talc-chlorite deposition in sediment and the bimodal sulfide composition (displayed by the low content of Pb and other chalcophile elements in pyrrhotite-rich sulfide and the concentration of these elements in zoned polymetallic sulfide) indicate extensive interaction between hydrothermal fluid and the terrigenous sediment deposits in Escanaba Trough.
The pyrrhotite-rich massive sulfide samples dredged from the SESCA and NESCA sites appear to be fragments of large, discontinuous hydrothermal mounds formed at the margins of the sedimentcapped hills. The rubbly, oxidized appearance of many fragments suggests that much of the dredged material is sulfide talus shed from eroded mounds. The grain-size and textural heterogeneity of pyrrhotite is a manifestation of fluid flow through numerous channelways within the deposits. The absence of compositional zonation within the Fe-sulfide rich mounds indicates that steep temperature and chemical gradients were not established at the discharge site, possibly owing to slow diffuse venting through the sediment. A slow rate of diffusion could have increased the efficiency of fluidsediment interaction and enhanced the subsurface deposition of base-metal sulfides prior to fluid discharge on the sea floor.
In contrast, the polymetallic sulfide samples appear to be fragments of a sulfide edifice with a large central fluid channelway. The mineral and chemical zonation patterns probably developed in response to steep temperature and chemical gradients at the vent site. These gradients could have resulted from a focused, high velocity discharge analogous to "black smoker" vents on the sedimentfree East Pacific Rise at 21°N latitude (Spiess et al., 1980) . The rapid upwelling of hydrothermal fluid below polymctallic sulfide structures may have prevented large-scale subsurface deposition of metals, but the galena-rich sediment sample (L2-86-NC-14D-6) that was recovered with fragments of the polymetallic sulfide edifice may be part of a mineralized root zone extending downward into the sediment. A flat slab (4.5 cm x 4.5 cm x 2 cm) of barite-rich massive sulfide. Sulfide is primarily granular pyrrhotite. Lesser amounts of hexagonal pyrrhotite, blebs of chalcopyrite and cubes of pyrite are locally concentrated. Fine-grained barite 1s present throughout sample; coarser-grained (to 1 mm) barite occurs in cavities. Barite 1s typically coated by fine-grained sulfide. One surface of the sample is covered by a l-mm-th1ck barite crust which is, in turn, covered by talc-and chlorite-rich sediment with visible mica. Barite veins cut the sediment. Minor oxidation is indicated by orange-stained sediment and red-brown coating on pyrrhotite.
Two large pebbles (7 cm x 5 cm x 3 cm) and many smaller fragments of poorly-Indurated sulfide-bearing sediment breccia. The matrix material is predominantly fine-grained sediment with visible clear mica flakes (to 0.5 mm). Visible sand-size quartz grains are concentrated locally in the otherwise fine-grained clayey sediment.
Most clasts (<3 cm x 2 cm x 1 cm) are spherical or cylindrical (cylindrical clasts include burrows filled with quartz-rich sand) and are composed of sediment similar to the matrix. Exceptions are a clast of pyrrhotite-rich massive sulfide and a clast of orangeblack Fe oxide. Sponge spicules are present on the surface of several samples.
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Blocky fragments (12 cm x 10 cm x 7 cm) of pyrrhotite-r1ch massive sulfide (Fig. 4a) . The grain size is highly variable: coarsegrained platy pyrrhotite with intergrown Cu-Fe sulfide is in sharp contact with regions of fine-grained pyrrhotite and marcasite. Minor oxidation is indicated by earthy red-brown coating on pyrrhotite.
A friable cobble-size fragment (4 cm x 4 cm x 4 cm) and smaller rubble of coarse sand cemented by sulfide and barite. Silt-and sandsize angular grains of quartz and feldspar are supported by a matrix of hexagonal pyrrhotite, marcasite (pseudomorphing pyrrhotite), and barite. Barite-rich veinlets crosscut the sample and barite mineralization on the surface extends up to 0.6 mm into the adjacent sulfide matrix. Patchy Fe-oxide staining is common on sample surfaces as well as accumulations of native sulfur and botryoidal s11ica(?). Large (average 13 cm x 11 cm x 3 cm) arcuate and dish-shaped slabs of porous, vuggy, pyrrhotite-rich massive sulfide. Sulfide is predominantly pyrrhotite, marcasite (replacing pyrrhotite), and isocubanite. Barite forms encrustations over the concave surfaces of the massive sulfide, and fills vugs and pore space to depths of 1 cm adjacent to the convex surfaces of the samples. Sample 5-5 contains disseminated barite throughout the entire slab. Small amounts of talc and detrital quartz and feldspar are scattered through some samples. The convex surfaces of the samples are coated by a smooth, black fine-grained layer (<2 mm thick) of marcasite, isocubanite, talc, quartz, and mica. Dense blocks (average 10 cm x 7 cm x 6 cm) of partly oxidized barite-rich massive sulfide. Much of the sulfide is altered to earthy brown goethite. Barite occurs in coarse-grained aggregates which are typically coated by fine-grained unoxidized sulfide. 
Minera 1 ogy (XRD)
Four pebble-size fragments of coarse-grained pyrrhotlte-rlch massive sulfide. Pyrrhotite has platy habit.
A burgundy-colored, dense, cobble-size block (7 cm x 5 cm x 3 cm) of altered pyrrhotite-rlch massive sulfide. Fine-grained 1socu-banlte and plates of pyrrhotite to 0.2 mm surround regions of coarse-grained (to 2.0 mm) tabular isocubanlte and pyrrhotite. 5 ) and several curved fragments (average 9 cm x 7 cm x 4 cm) of dark-gray massive sulfide. The large sample has a fine-grained powdery outer surface and a coarser-grained, granulr Inner surface.
The large sample Is mlneralogically and texturally zoned. The inner wall is a coarse-grained aggregate of Cu-Fe sulfide and sphalerite. The middle wall contains these minerals plus pyrrhotite, arsenopyrite, and loellinglte. The outer wall is predominantly composed of galena and sphalerite. Barite Is present 1n patchy coatings on exterior surfaces; oxidation of sulfide is minimal . Two pebble-size fragments (average 3 cm x 3 cm x 2 cm) of massive sulfide composed largely of marcasite and pyrrhotite. Samples exhibit considerable variation in grain size. Maximum grain size for pyrrhotite plates 1s about 3 mm. Both samples have minor surficial patches of yellow-orange Hmonite. Cobble-size blocks (average 11 on x 9 cm x 6 cm) and smaller fragments of plagioclase-phyrk basalt with sulfide-coated fractures. The basalt is unaltered and contains visible plagloclase and pyroxene phenocrysts. Fracture-controlled mineralization is predominantly pyrrhotite accompanied by smectite and chlorite. Sample surfaces are coated by a thin yellow to orange crust composed of plagloclase, quartz, chlorite, mica, pyrrhotite and possibly, amorphous silica. Sandy sediment and silica sponge spicules are present in surface depressions. Flattened cobble-size fragments (8 cm x 5 cm x 5 cm) of sulfidecemented sediment breccia. Chloritized sediment clasts are white to beige with yellow-orange stain along rims and around disseminated Fe-sulfide grains. The matrix is fine-to coarse-grained platy pyrrhotite. PyrrhotUe-rlch veins also cut the sediment clasts.
A blocky cobble-size (10 cm x 9 cm x 5 cm) fragment of sulfidecemented sediment breccia. Fine-to coarse-grained platy pyrrho- Tables 3 and 4 were obtained by quantitative dc arc optical emission spectroscopy (Si0 2 , Al 2 0 MgO, CaO, Fe, Cu, Pb, Zn, Au, Bi, Cd, Sb, Sr, Tl , Hg, Se), semiquantitative emmision spectroscopy (As, Ag, Ba, Mn, B, Co, Cr, Ge, Ni , Sc, Ti , V), and LECO total 5 analyzer(s). As greater than 0.2 wt.% was analyzed by inductively coupled plasma emission spectroscopy. Organic C was determined by subtracting carbonate analyzed by a coulometric technique from total C determined by the LECO total C analyzer. 
